Introduction
In recent years, the utilization of alternative, renewable and clean fuels is becoming a hot spot for reducing greenhouse gas emissions and improving energy security 1, 2 .
Many countries have been directed towards the exploitation of alternative fuels, such as biodiesel, bioethanol and aviation biofuels 3, 4 . Biodiesel, also called fatty acid methyl ester FAME , is an excellent substitute or additive to conventional diesel fuel because of its advantages of sustainability, lower pollution emissions, biodegradability, nontoxicity and better lubricity compared with the fossil diesel fuel 5, 6 . It is usually produced through the transesterification of various edible or non-edible oils rapeseed oil, soybean oil, castor oil, jatropha oil, etc. , animal fats, waste oils and long carbon chain carboxylic acid via esterification or transesterification with alcohol in the presence of homogeneous or heterogeneous acidic and basic catalysts. Due to the intrinsic problem associated with homogeneous catalysts in terms of separation and recuperation of the catalyst, heterogeneous catalysts can overcome these problems of catalyst recovery and reproduction, which are much more suitable for biofuels. In the esterification of fatty acids, heterogeneous acidic catalysts should be able to optimize the biodiesel production and avoid secondary reactions such as saponification of the long carbon chain carboxylic acid and triglycerid. In addition, the catalyst should have the characteristics of interconnected pores with a large surface area, high concentration of strong acid sites, and hydrophobic groups to prevent deactivation by water. Various types of heterogeneous acidic catalysts used in biodiesel production by esterification reactions have been reported, such as SO 3 Key words: sodium alginate, heterogeneous acid, esterification, biodiesel ferric sulfate for esterification of free fatty acids, which exhibited excellent methyl-ester conversion of 98 under mild reaction conditions 11 . In previous studies, we reported an aluminum-alginate acid for the synthesis of methyl oleate and the conversion 92.6 were obtained 12 . And we did not find other metal-alginate beads were studied for the esterification reaction. In this work, we synthesized a novel copper-alginate catalyst and tested its catalytic activity in the liquid-phase esterification of oleic acid and methanol for biodiesel production. The chemical structure, catalytic stability, and the morphology were determined by X-ray diffraction XRD , fourier transform infrared FT-IR spectroscopy, and scanning electron microscopy SEM . The optimal reaction parameters, such as reaction temperature, the amount of catalyst, the ratio of oleic acid to methanol, and reaction time were valued by a single factor experiment. The catalyst stability during the esterification was also investigated. Additionally, the expanded experiment for the catalytic esterification of other free fatty acids and non-edible oils of high free fatty acid with methanol was studied. , copper II chloride dihydrate CuCl 2 2H 2 O, AR , and sodium alginate CP, M v 5000 were purchased from Sinopharm Chemical Regent Co., Ltd. All other chemicals were of analytical grade and used as received, unless otherwise noted.
Preparation of copper II -alginate beads denoted as
Cu-SA Copper II -alginate was synthesized according to the literature 13 with minor modification. In detail, 2 wt of sodium alginate SA aqueous solution 100 mL was added dropwise into 100 mL of 0.1 mol/L CuCl 2 solution under gentle stirring at room temperature for 2 h. Blue copper II -alginate gel spheres were formed infinitely upon the solution. By stabilization of 12 h, the copper II -alginate beads were filtrated and washed for several times with distilled water, and finally dried under vacuum at 40 , the plausible structure is shown in Fig. 1 . Figure S1 displays TGA curves of Cu-SA catalyst. From the TGA curve, crystal water included in the beads of Cu-SA was evaporated completely under 142 . Thus it can be concluded that the amount of crystal water in Cu-SA was about 7.4 wt. .
Characterization of the catalyst
The X-ray diffraction XRD patterns of the catalysts were obtained using a Siemens D-5000 ultima plus diffractometer monochromatic nickel filter, Cu Kα radiation . The FT-IR spectra were scanned on a PerkinElmer spectrum100 using the KBr disc technique 4000-400 cm 1 .
Scanning electron microscopy SEM images were obtained on JEOL-6701F scanning electron microscope at 10.0 kV. Thermo gravimetric analysis TGA was performed on NETZSCH/STA 409 PC Luxx simultaneous thermal analyzer with a heating rate of 5 /min under an air flow rate of 20 mL/min.
Typical procedure for biodiesel production
Certain amounts of oleic acid, methanol and copper IIalginate catalyst were added to a thermostatic oil bath with a reflux condenser under stirring. Once the reaction was finished, the catalyst was separated from the reaction mixture by filtration, and the excess methanol was removed under reduced pressure to purify the product. The acid value AV, mg KOH g 1 and the conversion rates were determined by following formulas referring to ISO 660-1996 standard 15, 16 :
Notes: AV 1 acid value of raw materials; AV 2 acid value of esterification product.
3 Results and discussion 3.1 Characterization of the Cu-SA catalyst 3.1.1 XRD analysis
To identify the surface structure of copper species on the catalyst, XRD patterns of raw SA and Cu-SA are determined see Fig. 2 . The Cu-SA catalyst exhibited some strong peaks corresponding to Cu II ion appeared at 2θ angle of 16.28 , 22.04 , 28.68 , 33.76 and 47.52 that were not deserved on sodium alginate 17 , indicating that the Cu II ion was successfully exchanged with Na from the sodium alginate. Fig. 1 Plausible structure of the copper II -alginate based 11, 14 . Figure 3 displays FT-IR spectra of sodium alginate SA and Cu-SA. For SA, the peaks at 1619 cm 1 Fig. 4 . SA exhibited agglomerates of irregular blocky structure, while more compact tubular structure with entangled reticulation was formed after the exchange of Cu II , indicating Cu II in the new formed Cu II -alginate changes the structure of the original sodium alginate and brings alginate -in closer contact with each other. This result is in agreement with XRD and FT-IR results.
FT-IR analysis
3.2 Influence of the reaction parameters on oleic acid conversion 3.2.1 Effect of the molar ratio of oleic acid to methanol on oleic acid conversion Methanol plays a key role in reducing the product of acid compounds in esterification reaction, according to previous studies 19 . The esterification of oleic acid with methanol is reversible, therefore an excess amount of methanol is commonly used to force oleic acid conversion. In this study, different molar ratios of oleic acid to methanol 1:2, 1:6, 1:10, 1:14 and 1:18 were investigated in the presence of 250 mg Cu-SA catalyst at 70 for 3 h. Figure 5 depicted the effect of molar ratios on the oleic acid conversion. It was found that the conversion of oleic acid was increased with the amount of methanol in a decent scope. The oleic acid conversion was significantly increased from 29.3 to 71.8 by increasing the oleic acid to methanol molar ratio from 1:2 to 1:10. On the other hand, with the amount of methanol increasing, the oleic acid conversion was decreased accordingly, probablely due to the accumulation of methanol dissolved a small part of Cu-SA 20 . From the results, it can be concluded that the optimum molar ratio of oleic acid to methanol was 1:10. 3.2.2 Effect of Cu-SA amount on oleic acid conversion Esterification reaction was strongly affected by catalyst concentration. In this part, the influence of different catalyst amount 0, 50, 100, 150, 200, 250, 250, 300 and 350 mg on the oleic acid conversion was evaluated using the conditions of oleic acid to methanol molar ratio of 1:10, reaction temperature of 70 and reaction time of 3 h. As the dosage was increased from 50 mg to 250 mg, the conversion was increased from 45.3 to 71.8 respectively see Fig. 6 . However, when the amount of catalyst was beyond 250 mg, the oleic acid conversion was decreased. This phenomenon may be due to the slurry being viscous and emulsified, and therefore impeding the diffusion of the product 21, 22 . Accordingly, the favorable amount of the Cu-SA catalyst was found to be 250 mg.
Effect of reaction time on oleic acid conversion
The effect of the reaction time on the oleic acid conversion was illustrated in Fig. 7 . Other reaction parameters consisting of the catalyst amount, reaction temperature and oleic acid to methanol molar ratio were kept at 250 mg, 70 , and 1:10, respectively. From Fig. 7 , the conversion gradually increased from 49.9 to 71.8 by increasing the reaction time from 1 h to 3 h. As the reaction continued the oleic acid conversion remained unchanged basically and the reaction reached near-equilibrium. Thereby, the appropriate reaction time was found to be 3 h. 3.2.4 Effect of reaction temperature on oleic acid conversion Reaction temperature was another significant parameter on oleic acid conversion. The reactions were carried out for 3 h when the oleic acid to methanol molar ratio was 1:10 and the catalyst amount was 250 mg. The effect of the reaction temperature 30, 40, 50, 60 and 70 was depicted in Fig. 8 . At the reaction temperature of 30 , the esterification conversion was 42.8 , which improved gradually to 71.8 while the reaction temperature increased to 70 . Generally, if the increasing of the reaction temperature, the liquid methanol vaporized into the gas phase, probably resulting in a lower conversion 23, 24 . Considering energy consumption, the best temperature was chosen to be 70 .
Effect of reusability of Cu-SA catalyst
Reusability studies of the Cu-SA catalyst were carried out under the best conditions i.e., 70 for 3 h, 1/10 oleic 
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acid to methanol molar ratio and 250 mg catalyst , optimized by the above single-factor experiments. After the reaction, the Cu-SA catalyst was separated from the reaction mixture and directly used for the next run. The recycling performances of the Cu-SA were shown in Fig. S2 . It was found that the oleic acid conversion gradually decreased from 71.8 to 34.9 in a sequence of repetitive use for four runs, indicating that the Cu-SA catalyst is not thermally stable in the oleic acid esterification. The fresh Cu-SA catalyst and the reused catalyst is analyzed by FT-IR Fig. S3 . FT-IR spectra is observed for the fresh and reused catalyst, suggesting that there is noticeable change in the structure of the catalyst during the esterification of oleic acid and methanol. Compared with the FT-IR spectrum of the fresh one, the reused catalyst demonstrates some additional adsorption bands at 2926 cm 1 and 2885 cm 1 , which can be assigned to the characteristic absorption of adsorbed methyl oleate. In addition, it was worth noting that other main peaks were shifted, which can be attributed to the structural changes. It showed that the activity of Cu-SA catalyst decline is mainly due to the catalyst structure changed, and the leaching of the active component Cu 2 into the reaction system might also be caused the deactivation of the catalyst 25 .
Catalytic activity of Cu-SA for other esteri cations
To illustrate the universality of the Cu-SA catalyst in esterification, further studies of long chain carboxylic acid lauric acid, myristic acid, palmitic acid and stearic acid or high free fatty acid non-edible oils and methanol was proceeded see Table 1 . When lauric acid, myristic acid, palmitic acid and stearic acid were successively subjected to esterification reaction with methanol, the conversions of 54.7 , 61.5 , 61.1 and 69.9 were obtained respectively. The catalytic tests on high free fatty acid non-edible oils Jatropha curcas crude oil and Euphorbia lathyris crude oil reacting with methanol showed the pre-esterification rate was 44.1 and 43.5 respectively. These results showed that the Cu-SA catalyst could be an excellent candidate to catalyze many types of esterification reactions, to meet the demand of synthetic biodiesels.
Comparation of different acid catalysts for the esterication
The comparation of effects of the esterification reaction of oleic acid was examined over various reported acid catalysts to outstand the efficiency of our catalysts. As it is shown in Table 2 , the Cu-SA catalyst showed higher activities than other acid catalysts entries 1-2 . Moreover, the Cu-SA catalyst can be displayed under more moderate reaction conditions compared to most of catalysts in the esterification of oleic acid. Based on the above discussion, considering the reaction conditions and the low cost of the catalyst, Cu-SA catalyst is a promising catalyst in biodiesel production industry.
Conclusion
A novel copper II -alginate catalyst was successfully synthesized for biodiesel production of oleic acid with methanol. The catalyst was excellent active at producing 
